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A vehicle (10) with a plurality ipj^viHnftllv aHrfrngsahlft light smirees r25V 
preferably semiconductor laser light sources or .light rmittinQ dindes, each of which 
produces a beam of light, are optically coupled to a fiber optic waveguide (28a, 28b, 
29a, 29b, 30a, 30b). The laser light sources (25) are grouped together preferably at a 
single location within the vehicle for easy access and conveniently located within the 
vehicle. Fiber waveguides wav eguide (28a, 28b, 29a, 29b, 30a, 30b) d istally transmit 
t he beams to the opt ical loads of the vehicle, including the brake liidi ts n3). teillightg 
(12), i njifnimftntetio n Ughts (17) and turn sign als (15). Each liber <^tic waveguide 
(28a, 28b. 29a, 29b, 30a, 30b) may be a single optical fiber, such as a multimode fiber, 
having a numerical aperture large enough to receive illumination from a plurality of 
light sources. In cases where some optical loads require a larger flux or brightness of 
light, such as vehicular headlights (16). which may be greater than a single optic fiber 
can transmit, the waveguide may comprise a bundle of optical fibers. Multiple light 
sources to a single optical output load allows switching to another operational light 
source or increase the intensity of remaining light sources should one light source fail. 
In this manner, the operational life of the vehicular lighting system is increased. Also 
disclosed is circuitry for operating applications of the system as well as illustrating 
the employment of color wavelength laser light sources. 
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ADDRESSABLE VEHICULAR LIGHTING SYSTEM 

RELATED APPLICATION 

This is a continuation-in-part of patent application, Serial No. 08/313,757, filed 
September 28, 1994, entitled, "Addressable Laser Vehicle Lights'*, now U.S. 
5 Patent 5,713,654, issued 03 February 1998. 

TECHNICAL FIELD 

The present invention pertains to the field of illumination, and more 
particularly to vehiciilar lighting systems. 

BACKGROUND OF THE INVENTION 

10 Numerous efforts have been made to increase the safety, reliability and 

efficiency of motor vehicles and aircrafl while reducing the overall cost of 
manufacturing. The need is driven by increased emphasis on motor vehicle 
safety and to improve driver awareness of possible dangers relative to vehicles 
in close proximity, particularly as the number of vehicles on the nation's 

15 highways is rapidly increasing thereby increasing the odds for vehicular 
accidents. Essential to meeting these efforts is incorporating new and 
expanding technologies into the manufacturing and development of vehicular 
lighting systems in their warning capability and reliability. Optical technology 
has offered many benefits by providing less expensive and more reliable light 

20 sources than were previously available. Specifically, efforts have been made to 
provide improved vehicular lighting systems which substantially reduce the 
number of lamps or high temperature operated halogen or halide lamps used 
in a vehicular lighting system. 

U.S. patent 5,311,410 to Hsu et al. is an example of a vehicular lighting 
25 system in which a central light source distributes white light, through fiber 
optic cables, to various areas of a vehicle. The central light source includes 
high intensity discharge lamps. The fiber optic cables distribute light to 
various optical loads of the vehicle's lighting system, including headlamps, 
tail lights and dome lights. The flux of the light is controlled through 
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mechanical switches that move segments of the fiber optic cables into and out 
of alignment. 

Another example of a vehicular lighting system is disclosed in U.S. patent 
4,930,049 to Davenport et al. in which a light bus network distributes high 
5 intensity white light from a central light source to various components of a 
vehicle. The light bus network includes a number of electro-mechanical 
controls such as shutters, as well as coUimating and focusing lenses. 

A further example of a vehicular lighting system involving a centa-al light 
source with Ught carried by a series of optical fibers to an array of headlight 
10 lenses is disclosed in U.S. patent 4,868,718 to Davenport et al. The ends of the 
fibers are held in stationary ahgnment with their respective lenses, while 
optical wedge lens or rotating flat members are inserted between the fibers and 
their respective lenses to provide for shifting between high beam and low beam 
positions. 

15 While the exiting art discloses vehicular lighting systems that have one or 
more light sources for servicing a plurahty of optical fibers as light 
transmission media, such as disclosed in U. S. patents to Krammer 5,365,413; 
Currie 5,400,225; and Hsu et al. 5,436,805, these systems either remain 
complex in system design or still require high power noncoherent light 
sources that require special treatment due to their high temperature of 
operation or motor-rotated for providing selective distribution of light to desired 
fiber outputs adding to the cost and reUability of operation to the system. While 
U.S. patent 5,365,413 mentions a possibihty of using laser diodes in vehicular 
lighting systems, there is no disclosure how this might be implemented, 
taking into consideration the use of high temperature halide lamps in a 
system housing of this patent adapted for their particular utility and thermal 
considerations not capable of accommodating a semiconductor laser output. 
On the other hand, there are vehicular lighting systems disclosing the use of 
Ught sources provided at a central location for easy access that have 
noncoherent lamp outputs coupled to fiber optic waveguides via color lenses 
that themselves function as the light output device for the system to provide 
selection between a non-red or a red light output on a single fiber for 
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indication, respectively, of turn signal or brake light signal, as disclosed in the 
U. S. patent to Currie 5,400,225, mounted along the periphery of the rear 
window of the vehicle. Moreover, these prior vehic\ilar lighting systems have 
the disadvantage of requiring numerous mechanical and thermal components 
5 to distribute light throughout a vehicle, thereby increasing both the size and 
expense of the systems. 

What is needed is a centrally located vehicular lighting system that can 
accommodate coherent light sources that provides sufficient output brightness 
of light for fiber transmission to an optical load comprising the vehicular light 
10 output for a particular function such as a running light, turn signal light, 
backup light or a brake light. 

It is an object of the present invention to provide an improved vehicular 
lighting system that is compact, lightweight, of simpler design and longer 
operational life. 

15 It is a further object of the present invention to provide an improved 

vehicular lighting system that consumes substantially less power with - 
dissipation of substantially less heat and provides for better space utilization' 
with the availability of space in the vehicle compared to those currently 
suggested. 

20 It is another object of this invention to provide light source redundancy to 

improve vehicular safety and reliability of the vehicular lighting system. 

It is another object of this invention to provide multiple light sources per 
load for reliability and for providing moving vehicular conditional changes via 
illumination warning, such as vehicular braking or vehicular turning, in 
25 combination with mtdtiple colors per optical load. 

It is another object of this invention to provide a vehicular lighting system 
indicative to others via the same lighting of an applied brake pressure, hazard 
or other warning condition, or vehicular speed. 

It is another object of this invention to provide a vehicle with an encoded 
30 light beam output for signaling data or information from a vehicle to roadside 
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information gathering equipment such as a toll booth fee, parking meter fee, 
or vehicular identification for checking location and vehicular ID number. 

SUMMARY OF THE INVENTION 

These objectives are achieved according to this invention through the 
provision of a vehicle with a plurality of individually addressable Ught sources, 
preferably semiconductor laser light sources or light emitting diodes, each of 
which produce a beam of light that is optically coupled to a fiber optic 
waveguide. The laser light sources are grouped together preferably at a single 
location within the vehicle for easy access and conveniently located within the 
vehicle. Fiber waveguides distally transmits the beams to the optical loads of 
the vehicle, including the brake hghts, taiUights, instrumentation lights and 
turn signals. Each fiber optic waveguide may be a single optical fiber, such as 
a multimode fiber, having a numerical aperture large enough to receive 
illumination fi-om a plurality of light sources. In cases where some optical 
15 loads require a larger flux or brightness of light, such as vehicular headlights, 
which may greater than a single optic fiber can transmit, the waveguide may 
comprise of a bundle of optical fibers. For purposes of this invention, a 
waveguide is defined as the transmission media within which light 
propagates to an optical load and may be comprised of one or more optical 
20 fibers or planar optical waveguide structures. 

A circuit is electronically coupled to respective Ught sources to 
independently activate the source or alter source brightness by adjusting the 
suppUed current. The structure of the laser light sources and the waveguides 
coupled to them is relatively small and lightweight. In addition, the light 

25 sources, such as semiconductor laser sources, consume significantly less 
power and operate at significantly lower temperatures than conventional 
incandescent light bulbs, halogen or haUde lamps increasing the safety factor 
in automotive operation as well as increasing the life span of the vehicle's 
electrical system and any consequential damage that might occur due to the 

30 use of high temperature light sources, such as halogen lamps. 
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Conveniently locating the origin of the light sources as a single group 
provides many advantages. The grouping of the light sources facilitates 
reducing power fluctuations due to temperature variations by abrogating 
multiple heat transfer devices. Instead, the temperature of the present 
5 invention may be held constant by means of a single thermal electric cooler or 
compartmental heater. Further, as previously indicated, conveniently 
locating the group of light sources allows easy access for maintenance. 

The preferred light sources utilized in this invention are semiconductor 
laser sources in the form of high power laser diodes or laser diode arrays 

10 providing power levels as high as several tens of watts to several himdreds of 
watts of combined output to an optical load, although light emitting diodes may 
be employed in some applications. However, laser sources are preferred 
because of their high brightness and optical power output with lower levels of 
required heat dissipation compared to the case of the lamps of Cxirrie 5,400,225,' 

15 supra, which generate higher levels of heat. 

In another embodiment of this invention, multiple laser light sources are 
associated with each fiber waveguide to provide redundancy at the light source 
allowing one or more of the laser soxirces to fail without substantially affecting 
the level of light intensity supplied to one or more vehicular optical loads. In a 

20 further embodiment of this invention, different wavelengths representative of . 
different colors may be mixed to produce different colors to selected optical 
loads so that different colors can be presented, cw or pulsed, at the same or 
different optical output loads indicative of different vehicular conditions. The 
mixing may be accomplished using optic fiber coupling, star coupling or WDM 

25 coupling. 

In a still further embodiment of this invention, the laser or LED light 
sources may be modulated at either a low modulation rate, such as, for 
example, less than 30 Hz, so that pulsation of the light source is detectable by 
the human eye or are in combination with a higher modulation rate to provide 
30 for data modulation and transmission of data signals to off-vehicular light 
detection and monitoring systems. In this embodiment, the light source or 
sources may be either centralized or distributed around the vehicle. The light 
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source may also be outside the vehicle with light detection means inside so as 
to. for example, measure vehicle velocity and report it to a display panel in the 
vehicle or use the external signal to remotely control the vehicle velocity. 

Other objects and attainments together with a fuller understanding of the 
5 invention will become apparent and appreciated by referring to the following 
description and claims taken in conjunction with the accompanying 
drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

• Fig. 1 is a top view of a vehicle showing the positions of the various optical 

10 loads addressable via the present invention. 

Fig. lA is a more detailed view of the compartment containing the 
addressable light sources and its control for the vehicular lighting system of 
this invention. 

Fig. 2A is a detailed view of a fiber optic waveguide placed in the housing of 
15 an optical load of a vehicle according to this invention. 

Fig. 2B is a detailed view of a fiber optic waveguide illustrating an alternate 
embodiment for an optical load housing of this present invention. 

Fig. 2C is a detailed view of a fiber optic waveguide optically coupled to a 
reflective surface of an optical load housing according to further alternate 
20 embodiment of this invention. 

Fig. 2D is a detailed view of a fiber optic waveguide formed of glass or 
plastic and formed into a coil to produce an optical load. 

Fig. 3 is a plan view of a group of discrete laser light sources that may be 
employed in the embodiments of Fig. 1 and lA in the practice of this invention. 

Fig. 4 is a detailed fi-ont view of laser array light source that may be 
employed in the embodiments of Figs. 1 and lA the practice of this invention. 



25 
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Fig. 5 is a perspective view showing a plurality of laser light sources in the 
form of unitary addressable laser bars or arrays optically coupled into a fiber 
optic waveguide according to an alternate embodiment of this invention. 

Fig. 5A is a perspective view showing a plurality of laser light sources in 
5 the form of segment addressable laser bars or arrays optically coupled into a 
fiber optic waveguide according to another alternate embodiment of this 
invention. 

Fig. 6 is a block circuit diagram of the laser taillight system according to 
this invention. 

10 Fig. 7 is a side view demonstrating inter-vehicle communication according 
to one embodiment of this invention. 

Fig. 8 is a schernatic circuit diagram for providing an output signal of 
monotonically increasing light intensity or stepped light intensity from a laser 
source indicative of the magnitude of a given applied vehicular braking 
15 pressure. 

Fig. 9 is a schematic circuit diagram for providing an output signal of 
monotonically increasing frequency or pulse rate proportional to 
monotonically increasing applied vehicular braking pressxure. 

Fig. 10 is a schematic illustration of output coupling of multiple vehicular 
20 light sources via single mode fibers and optical coupling of different 
wavelength color sources. 

Fig. 11 is a plan view of another embodiment of this invention comprising a 
vehicle communication system having a modulated output for detection and 
monitoring by a roadside information gathering system. 

25 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS OF THE 

INVENTION 

Reference is now made to Fig. 1 showing an outline of a vehicle 10 equipped 
with taillights 12 and a high movmted brake light 13, commonly known as a 
collision avoidance Ught. Each taillight includes a brake Ught 14. These lights 



wo 99/06760 



PCT/US98/15S8S 



8 



10 



15 



20 



25 



30 



provide essential information to the driver of a preceding vehicle concerning 
the operation of the vehicle 10 indicating its deceleration, for example. Recent 
studies show that the high mounted brake light 13 substantially reduces the 
number of accidents occurring from vehicles being rear-ended by another 
5 vehicle. 

A compartment or container 11 is located in a convenient location in vehicle 
10, such as in the vicinity of or on the vehicle firewall, and contains most of, if 
not substantially all of, the light sources for the vehicle, i.e., the light sources 
contained in compartment 11 supply light for a plurality of different optical 
loads of the vehicles, such as taiUights 12, running/turning hghts 15, 
headUghts 16, dashboard panel 17 and other interior lights 18. For purpose of 
exemplification of this invention, however, reference is limited to operation of 
the taiUights 12 and the brake lights 13 and 14. The description is equally 
applicable to other optical loads, such as interior lighting and display panels of 
the vehicle. The exterior hghts or display panels of the vehicle may include 
dispersion means which may be any light scattering or dispersion medium. 
In particular, headlights 16 are a special case requiring comparatively higher 
power output and brightness which will discussed later. 

Compartment 11 comprises a plurality of Ught sources 25, which are shown 
in more detail in Fig. lA as laser array sources 60A-60C. While LED sources 
are within the scope of this invention, visible laser light sources are preferred 
because of their high brightness and power levels and ability to combine their 
outputs to produce a high power output beam. These laser sources may be 
comprised of individual, discrete emitters or may be laser arrays or bars 
having individually addressable emitters, or groups of emitters forming a 
pluraUty of laser segments with the laser segments being individually 
addressable. Examples of such visible laser arrays are the SDLr7400 Series 
linear arrays manufactured by SDL, Inc. of San Jose, CA which, as combined, 
provide several watts, the output of which can be fiber coupled to an array of 
fibers each of which could be routed to the same or different optical loads. 
Another example is a visible or infrared array as disclosed in U.S. patent 
4,862,802. 
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An optical fiber network 27 transmits light produced and combined from 
laser sources 25 to various optical loads of the vehicle. For example, optical 
fiber 28A transmits light to interior light 18 and optical fiber 28B transmits 
light to collision avoidance light 13; optical fibers 29A and 29B transmit light to 
5 brake lights 14; and optical fibers 30A and SOB transmit light to taillights 12, 
Each optical fiber may be a single optical fiber having a numerical aperture 
(NA) sufficiently large to transmit a substantial level of light, or may be a 
bundle of optical fibers. 

Location of laser Ught sources 25 is an important factor because their 
10 output power can significantly change with varjring- temperature conditions! 
This significant point is not appreciated in the art set forth in the 'Background 
of the Invention since the sources utilized are not laser sources. Compartment > 
11 is thermally insulated from the outside environment and may be provide, 
with an electric heater or a thermal electric cooler 33 or a combination of both;, 
15 to maintain control over the temperature of the laser sources at a* given 
- temperature level, As a result, potential for power fluctuations associated 
with temperature change is minimized, if not eliminated, to a level where*:. - 
power fluctuations firom sources 25 are not visually discernible by a viewer. 

Laser light sources 25 may be comprised of Ught emitting semiconductors 
20 that emit light with powers in the range firom 5 mW to 30W beam, having a 
wavelength in the visible spectrum range of 400 nm to 700 nm and for red light, 
in particular, in the range of 620 nm to 700 nm. Semiconductor lasers that 
emit within the red light wavelength range are tjrpically composed of AlInGaP 
or InGaAsP regimes formed on a GaAs substrate. These semiconductor 
25 lasers are commercially available as the SDL 7000 series either as single 
emitter devices or as multi-beam, separately addressed laser diodes or diode 
arrays. Semiconductor lasers may be made from other materials, eig., GaN, 
AlGaAs, AlGaP, or ZnSe. For example, running lights employed in the 
United States as well as in foreign countries, such as Japan, are blue, green or 
30 amber color. For these applications, cw InGaN/GaN multi-quantvmi well 
laser diodes grown on sapphire substrates may be employed for producing blue 
or green wavelengths. Also, GaAsN or InGaN laser sources are within the 
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scope of this invention. Also, arrays of frequency doubled diode lasers may be 
employed to create blue or green wavelengths such as disclosed in U.S. patent 
5,644,584, assigned to the assignee herein and is incorporated herein by its 
reference. 

With further reference to Fig. lA, an arrangement for compartment 11 is 
shown that only includes three laser sources 60A, 60B and 60C for operating 
the taillights 12 and brake Ughts 13 and 14 of vehicle 10. Light sources and 
electrical and optical circuitry for other optical loads would also be located in 
compartment and would be operated in a similar fashion. Sources 60A, 60B 
and 60C each comprise a pluraUty of emitters 67 which may be of the same 
wavelength outputs or of different wavelength outputs, such as with 5 mn to 30 
nm wavelength separation. In any case, the outputs of emitters 67 are 
respectively butt coupled to input fibers 65 or coupled via a collimating/focusing 
lens positioned between the fiber input end and the laser source. Pairs of input 
fibers may then be combined via a star coupler device or other standard 
coupling device 66. The combined beams are then supplied as output on the 
respective optical fibers 28A, 28B; 29A, 29B; and 30A, SOB. It should be noted 
that arrays source 60A-60C are shown having four emitters. This showing is 
for simplifying explanation, as these arrays sources may have 10 to 20 emitters 
or more and operated as groups or segments that independently addressable, 
as will be discussed later. Moreover, some array sources, such as source 60A 
can be two separate arrays for separate combined inputs to fibers 29A and 30A, 
one such source having a combined non-red output for taiUight 12, via fiber 
30A and the other such source having a combined red output, e.g., 630 nm, for 
25 the red brake light 14. 

Each laser source 60A, 60B and 60C in Fig. lA has a current supply source 
62A. 62B and 62C, respectively for operating each of the emitters 67. The 
control of individual emitters 67 is achieved fi-om controller 70 that is also 
connected to heater or thermo-electric cooler 33 via connector box 72. Also 
30 connected to controller 30 is a thermistor 74 for sensing the internal 
temperature of compartment 11 and operating heater/cooler 33 to maintain a 
predetermined temperature condition within the compartment. Controller 70 



20 



wo 99/06760 



PCT/US98/15585 



11 

provides for temperature control through variation in current operation of the 
respective laser sources or their individual addressable emitters so as to 
reduce variation in the light output to a vehicular optical load due to vehicular 
temperature variations whether caused by atmospheric temperature changes, 
5 engine temperature changes or other such environmental changes. As 
previously indicated, compartment 11 is, therefore, thermally insulated from 
the outside atmosphere. 

Controller 70 also provides appropriate signals via lines 63 to each current 
supply sources 62A, 62B and 62C for operation of vehicular lights. In the case 

10 of taillight or interior light operation, for example, controller 70 provides a 
signal to sources 62A,.'.62B and 62C to operate laser emitters 67B or 67C via 
lines 61 to provide lighting to tailhghts 12 and interior light 18. In the case of 
emitters 67A and 67D, functioning as a brake lights, controller 70 provides a 
signal to sources 62A, 62B and 62C to operate these laser emitters to providing 

15 lighting to brake lights 14 Eind high mounted brake light 13. Thus, controller 
70 provides for independent addressing and control of appropriate laser 
emitters to separate brake lights for their respective independent operation, as 
desired, as well as to other optical loads such as taillight/turn signal 
operation. More detail circuitry for the function of brake light operation is 

20 illustrated in Figs. 8 and 9. 

Instead of or in conjunction with the temperature control, the light output 
from each light source can be sensed by a light detector, such as a silicon 
detector. The electrical signal from the light detector may be employed, in a 
feedback control circuit to vary the current to the light source to maintain its 

25 power output constant. Alternatively, a light detector may be utilized to 
measure the ambient light levels and adjust the current to the light sources so 
as to insure the optical loads have constant visibility. Specifically in bright 
daylight, the light sources for daytime operation, such as brake, turning 
signal or daytime headlamps, may be provided with higher current levels in 

30 order to provide a brighter light output that can be more readily observed by an 
observer. 
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Referring to Fig. 2A, a light beam propagates along the length of fiber 30B 
supported in frame 130, and is incident upon lens 133 of comprising an optical' 
load, e.g. a tailUght. An important feature of the invention is that the beam 
exiting from the output end of fiber 30B provides for sufficient diffusion of the 
coherent light so as to render it harmless when the beam is viewed with the 
naked eye beyond lens 133. This is at least partially accomplished by having 
the laser in a remote location fi^m the optical load because the fiber reduces 
the laser brightness. That is, the laser power being emitted from, for example, 
a 1 ^im by 100 emission aperture diode laser array having 10 laser 
elements on 10 jun centers may be coupled into a 400 nm fiber, thereby 
reducing the power per unit area by several orders of magnitude. This 
improves the safety of the source by reducing its brightness. Alternatively 
source brightness may be reduced using an appropriate lens, diffuser. or light 
dispersing element 133. As an example, the outer surface of lens 133 may be 
comprised of a multitude of microscopic transparent lenses 135 having 
dimensions in the micron to centimeter range for dispersing the light in many 
different directions so that the light is refracted in many different directions 
and is transmitted through the lens with a wider expansion due to the 
dispersion with a larger angle of emission eliminating the brightness and 
damaging effect to the naked eye. In addition, a diffuser or diffuser lens 
combination 132 may be provided to receive the beam exiting the waveguide SOB 
to cause the beam to diverge and fill the inside of the dispersion lens 133. 
Accordingly, a fail-safe switch 134 could be operationally coupled between 
appropriate laser light sources 25 and each fiber so that the switch 134 
terminates the beam propagating in fiber 30B, such as by extinguishing laser 
source 25. should lens or diffuser 133 be removed or otherwise become 
misaligned relative to the optical axis of the fiber or light beam. This prevents 
direct laser light from being viewed by the observer's naked eye. 

Fig. 2B illustrates a further embodiment of an optical load that is simpler in 
design from that shown in Fig. 2A. Frame 130 supports fiber 30A which may 
be a single fiber or a bundle of fibers with their end or ends formed into a 
convex lens 136 to direct the light in multiple directions, lens end 136 includes 
an array of microscopic transparent lenses 137 to diffuse the light. 
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. Fig, 2C illustrates another optical load having a reflecting surface 138 
positioned to receive light exiting fiber 30B. In this embodiment, reflecting 
surface 138 may be composed of a highly eflicient reflecting diffusing material, 
reflecting 70% to 99% of the light exiting fiber SOB back toward the light to 
5 reflector shield 140. Reflector shield 140 may also have a reflecting dispersion 
surface 141 to redirect the light to the viewer, the original light beam having 
been diffused to a degree that the light would not be harmful to the naked eye. 
Also, reflecting surface 138 may be composed of non-diffusing material, 
wherein a diffusing lens 142 is interposed between the waveguide 30B and 
10 reflecting surface 138 to diffuse the light exiting from fiber SOB. Translucent 
materials also work well as a light diffuser when the light beam impinges on 
such material. 

Fig. 2D also shows another simplified form of an optical load comprising a 
tightly coiled optical fiber 139. The coiled fiber may also be a group or btmdle of 
15 tightly coiled optical fibers. The fiber may be glass or plastic fiber. The fiber as 
coiled may be subjected to a high temperature semi-fuse together the fiber coils 
to form a unitary structure as well as provide homogenous light scattering to ^ 
form a more integral unitary optical load structure. 

Fig. 3 discloses another embodiment for laser light sources 25 comprising 
20 discrete laser diodes 34, 35, 36 and 37. Although four laser sources are 
illustrated, any number may be present. Each of the laser light sources 34, 35, 
36 or 37 emit a light beam which couples through a respective fiber lens 38 
formed on an input end of a plurality of fibers 29A, 29B, 30A and SOB. Each 
laser light source 25 is discrete and is, therefore, capable of being individually 
25 addressed to provide light source operation independently of other laser 
sources. Each of the fiber optic waveguides extends distally to an optical load of 
the vehicle in a manner as previously described. This butt-coupling approach 
of sources 25 to fibers 29A, 29B, 30A and SOB is simple, effective and 
inexpensive providing for sufficient Ught coupling and brightness into the fiber 
30 for this particulfu- application. The t3^e of lenses 38 shown are conical-shaped 
lenses. However, these lenses may be wedged-shaped or chisel-shaped, as 
illustrated in Virendra S Shah et al. "Efficient Power Coupling from a 980-nm, 
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Broad Area laser to a Single Mode Fiber Using a Wedge-Shaped Fiber 
Endface", Journal of Lightwave Technology, Vol. 8(9), pp. 1313-1318, 
September, 1990, or hyperboUc or semi-hyperbolic shaped, as illustrated in 
Christopher A. Edwards et al., -Ideal Microlenses for Laser to Fiber 
5 CoupUng". Journal of Lightwave Technology, Vol. 11(2), pp. 252-257, February, 
1993, both of which are incorporated herein by their reference. In some 
instances, however, a cylindrical lens may be employed to collimate the so 
called fast axis, i.e., the transverse axis, of the laser source output prior to 
coupling the light into the lensed fibers, such as in a manner illustrated in U. 
10 S. patent 4,411,057 to Dudaetal, which is incorporated herein by its reference. 
The transverse axis is the larger of orthogonal axes of semiconductor laser 
light output possessing the higher divergence angle. Fiber lenses 38 may also 
be aligned with the cylindrical lens for efiBcient coupling of more light due to 
collimation into the fibers. Such lensing is not required for many applications. 
Instead, a large plastic fiber can be butt coupled to the laser. Arrays of plastic 
fiber can also be coupled to arrays of laser sources or LEDs. Plastic fibers 
themselves wiU scatter some light and fimction to provide a decorative 
illumination or warning light along the length of the fibers as opposed to 
emission fi-om the output end of a fiber or fibers. In one such example shown 
in Fig. 2D, the plastic fiber is formed as a coil with its end at the center and 
planar extent of the fiber coil fiinctions as the illuminated optical load, such as 
for a warning Ught. 

As previously illustrated, an alternative to employing discrete laser diodes 
34, 35, 36 and 37 is to provide a monoUthic array of laser light sources 39, 
illustrated in Fig. 4havmg individually separated emitters or emitter regions 
40, each emitting a Ught beam 41. Each emitter region 40 includes a contact 42 
that can be addressed individually with a different level of current 42A as well 
as possibly all be driven by the same current level, to the respective emitter 
regions 40. Beam 41 generated by each emitter region 40 may, therefore, be 
controlled independently from other emitter regions in order to control light 
intensity levels at an optical load to which one or more of the beams are 
coupled via at least one, if not several, optical fibers. Thus, intensity of the 
hghtatthe load can be varied in intensity or modulated such as, respectively. 



20 
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for a brake light or turn signal. Also, the light intensity output of the 
monolithic source can be monitored to maintain a predetermined intensity 
level so that, if one or more of the light emitters 40 no longer function, the 
change in the output intensity level of the emitters or the open circuit due to a 
5 non-functioning emitter or emitters, are determined or sensed, via, for 
example, an optical detector, and the output intensity is correspondingly 
increased by controller 70 to return the combined output of emitters 41 to the 
predetermined intensity level. 

Optical fibers 29A, 29B, 30A and SOB in the various illustrations of this 
10 invention may be circular, square or rectangular in cross-sectional shape, the 
rectangular shape matching better the numerical aperture of the laser beam 
outputs. In this particular case, lenses 38 are preferably wedged-shaped to 
match the aperture shape of the light beam from laser sources 25 enhancing 
the input brightness to fibers 29A, 29B, 30A and SOB. 

15 . The light source apertures for the laser emitters described herein may be in . 
the range of about 1 ^m 3pm by about lOjLun - 500 \im, A typical example is an^ 
output aperture of 1 pm by 100 ^m. In order to provide for high brightness 
output, the individual emitters may be broad area laser diodes, providing 
output powers in the range of milliwatts to several tens of watts. The power in 

20 . the range of watts may require the use of multiple laser bar arrays or multiple 
broad area lasers which are commercially available, such as firom SDL, Inc. of 
San Jose, California. 

It should be noted that individual emitter regions 40 may be separated by 
barrier regions 43 not capable of generating light, as well as current 

25 conduction depending upon their structure as known in the art, and are 
sufficiently large in width so that there is no coupling of either appUed current 
or generated light between adjacent emitter regions 40. This is important 
because if one emitter region should have defects responsible for its failure and 
capable of migration to adjacent emitters in the presence of applied current 

30 and/or generated laser light, then a sufficient width for barrier regions 43 will 
terminate or otherwise render such migration not possible. As a result, 
failure of one emitter will not be followed by the failure of other emitters due to 
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migration of such defects. Such laser structures are important in the 
application of these light sources in vehicles to ensure a safety margin so that, 
with the failure of one or emitters of laser array 39, the remaining emitters 
can take up the continued operation to the optical load, with their light 
intensity increased as required. This safety is, of course, particularly 
important relative to operation of the brake lighting and turn signal lighting. 

Also, as previously indicated, the light wavelengths produced by different 
emitter regions 40 may separately emit Ught over a relative narrow bandwidth 
ofvisible light while remaining substantially within a given color spectrum, 
such as several nanometers apart, so that the wavelength separation from one' 
emitter to the next are sufficiently spectrally spaced from one another to 
prevent the development of laser speckle. Moreover, if necessary, such 
separated wavelengths can be conveniently combined, via optical coupling, for 
applications, such as brake lighting. 

15 Fig. 5 shows an embodiment wherein each laser light source 101 includes a 
plurality of light emitters or light emitting regions 102, with each fiber 103 butt 
coupled to a plurality of light emitting regions 102. Emitters 102 are controlled 
as group via controller 104 which supplies an operating current to the emitters 
through a single contact. The numerical aperture of fibers 103 may be 

20 matched with the divergence angle of emitters 102 with the input end of each 
fiber 103 aligned with the plural laser emitting regions 102. Fibers 103 may be 
multimode fibers. Moreover, the diameter of an optical fiber 103 may be 
substantially larger in size than the light output from a single laser array 101 
to allow efficient coupling of light into the input end of the fiber regardless of 
25 the lateral or transverse divergence angle of the plural light beams emitted 
fi^m regions 102. Such an optical fiber may be a single multimode fiber or a 
plurality of multimode fibers. 

By having multiple separate emitters 102 for each fiber 103, light source 
redundancy is provided so that failure of one or more emitters does not mean 
30 failure of the entire hght source 101. This is particularly important for its use 
as a vehicular light, such as a brake warning light. Thus, in the example of 
Fig. 5, multiple light sources 101 may be employed for transmitting light from 
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sources 101 to an optical load, such as a vehicular taillight or brake light, to 
provide reliable redundant light output, improving the lighting system 
reliability in case of failure of one or more emitters 102 or even one of more of 
the multiple light sources 101. In addition, laser speckle may be reduced by 
5 reducing the overall coherence of the output beam. This is accomplished by 
utilizing laser sources which emit multiple wavelengths or combining the 
outputs of many laser diodes each operating at its own wavelength. 

As illustrated in the upper portion of Fig. 5A, laser array lOlA may be 
comprised of different segments or groups 102A, 102B and 102C of laser 

10 emitters 102 with their outputs butt coupled into fiber 103. Segments 102A, 
102B and 102C have separate contacts lOlA, lOlB and lOlC, and each contact is 
electrically connected to controller 105. Controller 105 provides separate or 
independent operation of segments 102A, 102B and 102C. Thus, segments 
102A, 102B and 102C are individually addressable allowing one segment to be 

15 operated at a time. When one segment fails, another may be operated in its 
place. This redundancy provides a longer lasting array of lasers that provide 
an appropriate level of service and safety even though some of the emitters may 
cease to operate. Further, it adds high reliability to the lighting system 
without substantially increasing costs in providing a laser array or its 

20 segment addressing. Also, segments 102A, 102B, for example, may be 
operated together as the primary output to fiber 103 so that, when a number of 
emitters of either of these segments fails, the third segment 102C may be 
brought on line via controller 105 through an appropriate sensing device 
monitoring the light output of laser array 102 positioned at the read facet extent 

25 of segments 102A-102C. 

As illustrated in the lower portion of Fig. 5A, laser array lOlB may be 
comprised of different segments or groups 106A, 106B and 106C of laser 
emitters 102 with outputs of different colors comprising wavelengths X^^ and 
Ag, which may be mixed in fiber 103 to generate new color combinations, other 
30 than the primary or initial laser output colors, through selection of different 
applied currents via controller 107 to one or more segments 106A, 106B and 
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106C. These different wavelengths may provide for primary colors that may 
themselves, be provided as source lighting to various optical loads of the' 
vehicle, or may be combined to provide other colors useful at various optical 
loads of the vehicle. This may be employed for creating different panel light 
colors inside the vehicle at the choice of the driver or to indicate a change in 
vehicular conditions, such as an indication that the hand brake is still 
engaged or that the brake lighting has been applied. Controller 107 provides 
for independent operation of the plural laser emitters, via their individual 
contacts 101. so that different color combinations can be created among the 
three different wavelengths of light as well as different color hues by changing 
the current level provided to emitters 102 of different segments 106A-106C 
Also, smce segments 106A. 106B and 106C emit light of different colors, they 
may not emit the same light flux so that different number of emitters 102 may 
be required for different segments to provide an overall more uniform 
distribution of resultant Ught flux in the mixing of the light from the several 
laser segments. In this connection, note that segment 106C has four emitters 
102 while segments 102A and 102B have three emitters each. A difference in 
applied current to segments 106A, 106B and 106C via controller 107 may also be 
different to the extent of equahzing the light intensity of different color output 
among the several segments. 

Reference is now made to Fig. 6 illustrating a driver circuit 43 electrically 
coupled between each laser hght source in light source 43A and a 
corresponding input device. The driver circuit 43 is provided to take advantage 
of individual addressing of each laser light source. It includes a multiplexer 
which permite control of each laser light source independent of the others For 
example, input device 44 is associate with the brake pedal. When the brake 
pedal is depressed, it transmits a signal to the driver circuit 43 which in turn 
causes the appropriate laser Hght source to emit a beam, wherein the beam 
propagates along the appropriate fiber waveguide to illuminate brake Ughts 45 
Input device 46 is associated with the taiUights. When the taiUights 47 are 
activated, input device 46 transmits a signal to the driver circuit 43 which in 
turn, causes the appropriate laser light sources to emit a beam along 'the 
appropriate fiber waveguide to illuminate taiUights 47. Other input devices 
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44A and 46A are connected to driver circuit 43, to operate other optical loads, 
e.g., turn signals 48, emergency flashers 49 and panel lights 50. 

In addition, driver circuit 43 is capable of increasing the current to each 
laser light source individually. This allows the driver circxiit to adjust the 
5 brightness of each laser hght source individually, thereby compensating for 
aging effects, such as thermal wear, as well as adjusting for the ambient light 
level. This adjustment may be performed manually or automatically via 
microprocessor control. 

Any of the output optical loads, 45-49 for example, may also transmit a data 
10 signal, such as, a modulated data signal from a circuit in controller 43A to an 
in&ared source in laser source 43A, via an optical load at the vehicle rear to a 
light detector at another location, e.g., in a following vehicle 52. Referring to 
Fig. 7, this high speed data signal 51 provides a signal to a second vehicle 32 
with information concerning the operation of the first vehicle 53, e.g. its 
15 velocity or rate of acceleration or deceleration. This would allow for speed 
adjustment within the second vehicle 52. As indicated, an infrared laser could 
be used for this purpose, as well as in combination with lasers transmitting 
visible light. The modulation rates of these laser sources may be from 0 to 1 
GHz, if reqtdred. A rapidly flashing red brake Ught at approximately 0.1 Hz to 
20 30 Hz would be visually perceivable by the other driver of the second vehicle 52. 
A Ught detector, such as Si detector 54, may be employed to sense a signal 
modulated at a much higher frequency, incapable of visual perception by a 
person, e.g., modulated at a frequency exceeding 60 Hz, which signal is read 
out in a speed indicator on the interior panel of the second vehicle 52. 

25 Reference is now made to Figs. 8 and 9 showing brake circuitry that may be 
utilized in the practice of this invention. In Fig. 8, circxiit 75 provides for 
simple increase in the laser source output to the optical load when the 
vehicular brake system is operated via controller 78. The light source shown is 
segmented semiconductor LED or laser source 80 comprising three 

30 independently addressable laser segments 80A, SOB and 80C each having a 
plurality of laser emitters 81. Taillight switch 76 is on the driver panel of the 
vehicle and, upon activation, controller 78 will provides a current signal via 
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line 79B to segment SOB of segmented laser 80 producing an output that is 
optically coupled to fiber 82B as output to optical load 83 which comprises a 
dispersion lens or scattering medium and functions as a running light, such 
as during night time operation. When the brake system is operated, brake 
switch 77 is closed and controller 78 activates the other two laser segments BOA 
and 80C via a current signal provided on lines 79A and 79C, respectively, each 
producing an output that is optically coupled respectively to fibers 82A and 82C 
as output to optical load 83. Thus, as a result of the appHcation of the vehicular 
brakes, the output light is increased three fold to taillight 83. 

Controller 78 may control the amount of current supplied to laser segments 
90A and 90B as a function of applied vehicular braking pressure to the brake 
pedal of the vehicle employing a pressure sensing device in conjunction with 
the brake pedal, such as a piezoelectric element 87 of the type illustrated in Fig. 
9. As a result, as the pressure appUed to the brake pedal monotonically 
increases through driver operation, controller 78 provides monotonically 
increasing current to laser segments 80A and 80C which, correspondingly, 
montonically increases the light output intensity at load 83. Alternatively, the 
light output at load may be in steps in that, upon the pressure applied to the 
brake pedal reaching a first threshold, laser segment 80A is operated via 
controller 78 to provided a first brake light level at load 83. Upon pressure 
applied to the brake pedal reaching a higher second threshold, laser segment 
80C is also operated via controller 78 in conjunction with laser segment 80A to 
provided a second, higher brake light level at load 83. 

Circuit 75 may also be employed for other lighting loads of the vehicle. For 
example, segment laser 80 may be employed in conjunction with a turn signal 
fimction to optical loads 12 in Fig. 1. In this case, to achieve an amber light as 
a turn signal, the color may be provided by a yellow, red or range LEDs or by 
mixing a blue GaN based laser diode at approximately 400 nm to 460 nm with 
red diode laser at approximately 630 nm to 690 nm. Such red laser sources are 
presently available firom SDL, Inc. of San Jose, CA while blues sources have 
been demonstrated by Nichia, Inc. of Japan. All three laser segments 80A-80C 
may be operated in unison via a modulator in controller 78 to modulate the 
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laser segments in an ON/OFF pulsed sequence such as in the frequency range 
between 0.1 Hz to 30 Hz. Alternatively, laser segment SOB may remain cw 
operated while laser segments 80A and 80C are modulated in unison. When 
the turn signal is extinguished, operation of all three laser segments are 
5 terminated by controller 78. 

It should be imderstood relative to the embodiments of this invention where 
different color sources, via light sources having different wavelengths, are 
utilized, mixing of the light output of such different color sources may be 
accomplished by optical fiber coupling. These laser sources, as combined, may 

10 then be individually addressable to mix and create different color combinations 
or separate colors at the optical output depending upon the light usage, such 
as a flashing amber light or amber turn signal light or red or blue/red. 
warning or brake light. The color light sources may be separate devices of 
different wavelengths or laser bars or arrays having emitters of different 

15 wavelengths emplo5dng DFB gratings having different grating periods for 
discrete devices or DFB gratings of laterally varying grating period laterally 
across a laser array formed by e-beam techniques during fabrication of the 
array as is already taught in the art. As an example, some of the individually 
addressable light sources may emit light in the range of 400 nm to 500 nm. 

20 while others emit in the range of 500 nm to 700 nm. Moreover, by varying the 
. intensity of different separately addressable lights, a range of different colors 
. can be created such as by means of optical fiber multiplexing at different levels 
if intensity. 

Reference is now made to Fig. 9 which shows electrical circuit 85 for a 
25 vehicular braking system which provides an pulsating output at the brake 
light load which montonically increases with frequency or pulsation rate as 
the applied pressure is montonically increased. Circuit 86 comprises brake 
switch at the brake pedal in combination with piezoelectric element 87. The 
output of piezoelectric element 87 is connected as an input to voltage control 
30 oscillator (VCO) circuit 88. The output of VCO circuit 88 is one of the inputs to 
AND gate 90, the other input being a gate pulse on line 89. the output of AND 
gate 90 is connected to controller 91 which provides a drive current to LED or 
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laser light source 92 at the pulse rate or frequency issue from AND gate 90. 
The pulsed output from light source 92 is then coupled via an optical fiber or 
fibers to brake Hght load 93. In operation, piezoelectric element 87 provides an 
analog output voltage which increases in magnitude with apphed brake 
pressure. The output of VCO circuit 88 to AND gate 90 which is enabled hy 
gate pulses at line 89 provided from a fixed-frequency clock. When gate is 
enabled, a pulse or series of pulses is provided to controller 91. As the analog 
voltage input from piezoelectric element 87 increases, the frequency of VCO 88 
increases. As an example, if the gate pulses are at one second intervals, and 
the piezoelectric element with an amplified output may vary between 5 volts 
and 25 volts, then the frequency of VCO circuit 88 will vary from 5 Hz to 25 Hz 
and, correspondingly, the light pulsation rate at load 93 can be varied in 
frequency within this same frequency range. For voltages below a 
predetermined threshold, such as below 5 volts in the case above, the function 
of VCO circuit 88 would be bypassed and brake switch 86 connected directly to 
controller 91, such as is the case of Fig. 8, and the output from laser source 92 
would be cw operation within this lower, threshold range for modulated 
operation. 

With reference to the embodiments shown in Figs. 8 and 9 for brake light 
operations, it should be understood that a warning light can be from the same 
laser source as the brake light and running lights wherein distinction among 
these fimctions is accomphshed by means of changing the applied pulse rate 
via controller 78 or 91. In other words, the external vehicular light fixture may 
be the same for a running light, warning or hazard light and a brake light 
wherein the appUed pulse for a running Ught may of long duration or cw, and 
in the case of a warning light may be a first pulse rate, P^, and in the case of a 
brake Hght may be a second pulse rate, Pg, where > P^ or visa versa, 
depending on the standard adopted. Pulse rates for P, or Pg, for example, can 
be in the range of 0.2 Hz to 30 Hz. Moreover, the periodicity may be changed 
with respect to changes in operation of the vehicle such as changes in vehicle 
velocity, deaccleration rate, acceleration rate or differentiation between a 
warning or hazard light and a brake light condition. 
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Reference is made to Fig. 10 which illustrates the combining of 
wavelengths from different laser sources that may be combined to produce 
different colors. For example, bar laser 152 may be comprised of six emitters 
152A to 152F each having a different wavelength, at least some of which are 
5 visible wavelengths, and laser bar 154 may be comprised of four emitters 154A 
to 154D each having a different wavelength, at least some of which are visible 
wavelengths. Rather than laser bars, these emitters can discrete laser diodes 
or combination laser diode and frequency converter, such as via a frequency 
double crystal of the type illustrated in U. S. patent 5,644,584, supra. In the 

10 case of laser bars, techniques may be employed achieve different wavelengths 
at different emitters such as by means of different grating period patterns in 
the optical cavities of different emitters or selection of different compositional 
parameters along the length of the bar. In any case, the individual 
wavelength outputs, A^j-Xiq, may be progressively coupled, via couplers 154A to 

15 154C, 158, 160, 162 and 164, to provide a combined wavelength output of T^^i-X^q. 
Thus, in order to produce different colors, such as primary colors, appropriate 
wavelengths from appropriate individually addressed emitters may be 
provided by selected emitter energization, or secondary colors may be produced 
by combined wavelengths from appropriate individually addressed emitters 

20 capable of providing the color with optical combining via the couplers. A ' 
controller is programmed to operated designated emitters to produce desired 
colors or color combinations based upon the .'particular color optical load 
application. As an example, two emitters 152B and 154A may have 
wavelengths in the yellow £uid red spectrum, respectively, which are combined 

25 at coupler 164 to produce an amber color at the output for a turn signal, for 
example. However, if the application is for braking, for example, emitter 152B 
is extinguished and red emitter 154A remains in operation with heightened 
intensity or pulsed output or combined heightened intensity and pulsed output. 

The devices in Fig. 10 may, alternatively, be LEDs with optical combining of 
30 their outputs. Also, several of the wavelengths 11-110 may be close in spatial 
wavelength separation (e.g., 5 nm to 10 nm) relative to a single color and 
combined via a series of WDM couplers to produce a high intensity 
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substantially single color output or combined to produce a high intensity white 
light output suitable for headlight usage. 

Reference is now made to Fig. 11 which illustrates an application of this 
invention relative to a vehicular communication system for communication 
with a roadside detection and monitoring station or equipment to perform 
different kinds of functions, such as vehicular speed detection, vehicular 
count, vehicular identification, or vehicular toll payment. In Fig. 11, a vehicle 
170 is traveling on highway 172 having opposite travel lanes 172A and 172B. 
Vehicle 170 is equipped with vehicular communication system 174 comprising 
data source 176 and laser or LED source 178 which is modulated according to 
data that is transmitted fi-om source 176. Modulated data from source 178 is 
transferred to plural optical loads 184 via optical fiber 180 and coupler 182. 
Optical loads 184, e.g., output lenses, are broadcasters and transmit the 
modulated optical data into space over a wide angle 190 to regions along the 
roadway where receiver units, such as roadside detection equipment 186 
receives the broadcasted beam 190 via an optical detector 188, and decodes the 
information or transmits the information to another location for deciphering 
or decoding. The decoded information may identify the particular vehicle by 
manufacture number or state Ucense, for example. Also, system 174 may be 
used to indicate prepayment of tolls at toll points so that toll both operation can 
be eliminated. Vehicular owners pay tolls in advance to the toll authority and 
are credited such that, when passing a toll point, the toll is automatically 
deducted from t e credited prepaid advance. It should be noted that roadside 
detection system 18 may also include a motion detector or other such detector 
187 to sense presence of a moving vehicle so that if, for any reason, there is a 
failure to sense the optical signal from the vehicle any of the above stated 
applications of system 186, the system will forewarn authorities ahead of the 
lack of vehicular identification. Also, a camera 189 may be operated by system 
186 via line 191 to photograph the vehicle to capture the license plate number. 
Such a system can also be employed to track fugitives from justice based upon 
vehicle identification by the monitored vehicular manufacturing identification 
number which is tied to license plate registration. 
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As an alternative, system 174 may be operated at radio transmission 
frequency with radio frequency receivers, but the use of an optical 
communication system, instead, eliminates interference with so many other 
radio frequencies emanating from so many vehicles as well as from other 
5 radio frequency sources present in the atmosphere. The optical source 
provides a means to eliminate source problems. While such sources are 
subject to dirty conditions at optical output loads 184 and detector, appropriate 
wavelength operation can significantly eliminate this problem, e.g., operation 
at IR wavelengths. 

10 Although the invention has been, described in conjunction -with one or more 
preferred embodiments, it will be apparent to those skilled in the art that other 
alternatives, variations and modifications will be apparent in light of the 
foregoing description as being within the spirit and scope of the invention. 
Thus, the invention described herein is intended to embrace all such 

15 alternatives, variations and modifications as may fall within the spirit and 
scope of the following claims. 
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What is claimed is: 

1. A vehicular lighting system comprising: 
multiple semiconductor light sources; 

Ught from said multiple light sources coupled to a multimode optical fiber 
or a plurality of multimode fibers; 

said fiber(s) transmitting light from said sources to an optical load; 

said optical load characterized by being supplied by multiple light sources to 
provide reliable redundant output to improve system reliability. 

2. The vehicular lighting system of claim 1 wherein said multiple light 
sources are semiconductor lasers and said optical load contains a light 
diffusing means. s 

3. The vehicular lighting system of claim 1 wherein said optical load 
further includes means to provide for eye safety. 

4. The vehicular lighting system of claim 1 wherein said multiple light 
sources comprises an array of semiconductor lasers. 

5. The vehicular Ughting system of claim 4 wherein the diameter of said 
optical fiber is substantially larger in size than light output from said laser 
array to allow for efficient coupling of the light into said fiber. 

6. The vehicular lighting system of claim 4 wherein light from said laser 
array is coupled into a single optical fiber. 

7. The vehicular lighting system of claim 4 wherein at least a portion of 
said laser array is driven with the same current. 

8. The vehicular lighting system of claim 7 wherein said laser array 
comprises a plurality of emitters separated from one another by regions not 
capable of generating light. 

9. The vehicular lighting system of claim 4 wherein light fi-om said laser 
array is coupled into a multimode optical fiber. 

10. The vehicular lighting system of claim 1 wherein said multiple light 
sources comprise a series of discrete semiconductor lasers. 
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11. The vehicular lighting system of claim 1 wherein the system includes 
multiple optical loads, at least a portion of which are illviminated by said 
multiple light sources through separate optical fibers routed to each of said 
optical loads; said multiple light sources being located internally of said 
vehicle. 

12. The vehicular lighting system of claim 11 further comprising means 
associated with said multiple light sources for controlling their temperature. 

13. The vehicular lighting system of claim 12 wherein said means 
comprises a thermo electric cooler for maintaining said multiple light sources 
at a desired operating temperature. 

14. The vehicvdar lighting system of claim 11 wherein said mtdtiple light ; 
sources are driven with separate currents; said currents controlling the light 
intensity from at least one of said multiple light sources. 

15. The vehicular lighting system of claim 14 further comprising means 
for adjusting said currents. 

16. The vehicular lighting system of claim 1 wherein at least one multiple 
light source has a current control means for adjustment independent of other 
of said multiple light sources serving the same optical load. 

17. The vehicular lighting system of claim 1 said multiple light sources 
emit different light wavelengths. 

18. The vehicular lighting system of claim 17 wherein said light 
wavelengths are produced by semiconductor lasers which emit over a 
relatively narrow bandwidth, said wavelengths sufficient spectrally spaced 
from one another to prevent the development of speckle. 

19. The vehicular lighting system of claim 17 wherein said multiple 
sources emit at least two substantially spaced light wavelengths. 
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20. The vehicular lighting system of claim 19 wherein at least one of said 
multiple light sources has its light output controlled independently from 
another of said multiple Ught sources. 

21. The vehicular lighting system of claim 1 further comprising a control 
means to cause said optical load to emit varying colors. 

22. The vehicular lighting system of claim 1 wherein said multiple light 
source is an LED array. 

23. A vehicle Hght system comprising: 
a semiconductor light source; 
excitation means for said Hght source; 

said UgKt source coupled via an optical fiber to an optical load output visible 
to observation means external of said vehicle including individuals located 
outside the vehicle; 

said excitation means activated by application of brakes of said vehicle 
causing said light source to emit a pulsed light output. 

24. The vehicle light system of claim 23 wherein said pulsed light output 
has a pulse rate that is discernible to drivers of other vehicles. 

25. The vehicle Ught system of claim 24 wherein said pulsed light output 
has a pulse frequency in the range of to 10 Hz to 30 Hz. 

26. The vehicle light system of claim 24 wherein said pulsed light output 
has a pulse frequency up to 1 GHz discernible by individuals outside the vehicle 
or by hght detecting means external of the vehicle. 

27. The vehicle light system of claim 23 wherein said light source emits 
light having a red or infrared wavelength. 

28. The vehicle light system of claim 23 wherein said light source is a 
semiconductor laser diode or semiconductor laser array. 
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29. The vehicle light system of claim 23 wherein said excitation means 
increases a frequency of operation of said pulsed light output in response to an 
increase pressure applied to said vehicle brakes. 

30. A vehicular lighting system for a vehicle comprising: 

multiple semiconductor based light sources each providing a light output; 

at least two of said light source outputs being of a different wavelength; 

means for controlling current to said light sources; and 

fiber coupling means for trsmsmitting light from said light soxu-ces to at 
least one optical load on said vehicle. \ 

31. The vehicular lighting system of claim 30 wherein said light sources 
are semiconductor lasers. 

32. The vehicular lighting system of claim 31 wherein said laser sources 
emit from Ught within the wavelength range of about 620 nm to about 700 nm. 

33. The vehicular lighting system of claim 30 wherein said sources are 
light emitting devices. 

34. The vehicular lighting system of claim 30 wherein said at two light 
sources of diflFerent wavelength are coupled to said optical load. 

35. The vehicular lighting system of claim 34 wherein at least one of said 
two light sources can be current controlled independent of the other of said 
light soiirces. 

3(5. The vehicular lighting system of claim 35 wherein said optical load 
changes color based upon said independent current control. 

37. The vehicidar lighting system of claim 30 wherein said light sources 
are located internal of said vehicle. 

38. The vehicular lighting system of claim 37 wherein said light sources 
are temperature controlled. 
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39. The vehicular lighting system of claim 30 further comprising a 
plurality of optical loads, different Ught wavelengths from different light 
sources provided to different optical loads via optical fibers. 

40. The vehicular lighting system of claim 39 wherein said light sources 
are located within a protective region with said vehicle. 

41. The vehicular lighting system of claim 40 wherein said protective 
region is temperature controlled to maintain to desired temperature ambient. 

42. A vehicular lighting system comprising: 

a plurality of semiconductor based light emitting sources located in a 
central location within a vehicle; 

light from said light sources coupled into a plurality of optical fibers; 

at least some of said fibers distributed to separate optical loads on said 
vehicle; 

said light sources being temperature controlled to reduce variation in their 
light output due to varying environmental vehicular temperatures. 

43. The vehicular lighting system of claim 42 wherein said temperature 
control includes variation in current operation of said light sources to reduce 
variation in Ught output of said hght sources due to vehicular temperature 
variations, 

44. A vehicular lighting system for a vehicle comprising: 

a semiconductor laser source emitting light in the range of about 400 nm to 
about 700 nm; 

said hght source coupled to a multimode optical fiber; 

said fiber carrying light from said laser source to an optical load on said 
vehicle; 
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said light source characterized by multiple monolithic lasing regions at 
least plural of which are emitting light at different wavelengths to provide 
light conveyance to said optical loads with reduced speckle with high reliabiUty 
due to source redundancy. 

45. The vehicular lighting system of claim 44 wherein said laser source is 
coupled to an topical fiber having a core diameter larger than an emitting 
aperture of said laser source and with a numerical aperture sufficient to 
capture a substantial fraction of light from said laser source. 

46. The vehicular lighting system of claim 45 wherein said laser source 
aperture is in the range of about 1 fxm to about 100 |xm and said fiber core is 
greater than 100 pm. 

47. The vehicular lighting system of claim 45 wherein current to said laser 
source is ac^usted according to application of vehicular braking system. 

48. The vehicular lighting system of claim 47 wherein said application is 
braking pressure application. 

49. A vehicular lighting system comprising: 

multiple semiconductor light sources comprising different wavelengths 
providing different visible colors; 

light from said multiple light sources coupled a plurality of multimode 
fibers; 

at least one optical load coupled to receive at least two different wavelengths 
of light from said sources; 

a dispersion means at said optical load onto which outputs of said two 
different wavelengths of light from said sources; and 

control means to selectively display of one or more of sstid wavelengths at a 
given time so that several different colors can be selectively produced for said 
load lens. 

50. The vehicular lighting system of claim 49 wherein said dispersion 
means is a taillight lens. 
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51. The vehicular lighting system of claim 49 wherein said dispersion 
means is a vehicle display panel. 

52. The vehicular lighting system of claim 49 wherein said dispersion 
means is a vehicle display panel. 
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